We used event-related fMRI in combination with high eye movements. This demonstrates the phenomenon temporal resolution eye-position monitoring in the scanof saccadic suppression: during saccadic eye movener to determine which brain areas are involved in sacments, visual sensitivity is much reduced. Given that cadic suppression. Our experimental design relied on humans make more than 100,000 eye movements each the finding of Burr et al.
the main effects of epoch (pre and peri) for the two stimulus types as well as their interaction.
Saccadic Suppression
In area hMTϩ we found a significant perisaccadic BOLD reduction for the luminance stimuli (34%; p Ͻ 0.05) but no significant reduction for the isoluminant stimuli (5%; p ϭ 0.4). The interaction between the two main effects was significant (p Ͻ 0.05). Estimating the upper bound of the confounds with the isoreduction, we can attribute at least 29% of the perisaccadic change in BOLD signal to a stimulus-selective process of saccadic suppression. In area V4, we found significant (p Ͻ 0.05) reduction for luminance stimuli (50%) but again no significant reduction for isoluminant stimuli (4%; p ϭ 0.9). Hence there was at least 46% stimulus-selective saccadic suppression. The variability in the data, however, was larger in V4; the statistical interaction did not reach significance (p ϭ 0.1). A similar pattern of activation was found in V7: significant reduction for luminance (46%; p Ͻ 0.05), no significant reduction for isoluminant stimuli (28%; p ϭ 0.2), and no significant interaction (p ϭ 0.4). the ratio of the perisaccadic BOLD signal and the preDiscussion saccadic BOLD signal. A value of 0% indicates that the saccade had no effect on the BOLD response, and 100%
Absence of Evidence Is Not Evidence of Absence indicates that the perisaccadic BOLD signal was reIn the areas where the perisaccadic BOLD reduction was duced to zero. of comparable magnitude for both stimuli, we effectively lose our ability to control for the confounds in the design. This does not mean that there is no saccadic suppresControlling for Confounds sion in these areas, just that our paradigm cannot exIn our paradigm, the difference between pre-and peri clude the possibility that the signal changes are related conditions was not just the absence and presence of to the inevitable confounds in the experimental design. the hypothesized saccadic suppression. Clearly, the Specifically, our data should not be interpreted as to perisaccadic period differed additionally in terms of neuimply that there is no saccadic suppression in V1/V2, ral activation related to the eye movement itself, small V3, or IP. In fact, saccadic suppression in the fundus of but nonzero retinal motion, less certainty about the prethe intraparietal sulcus is in agreement with single-cell cise retinal location of the stimuli, and possibly even recordings from the ventral intraparietal area in the maa different mindset of the subject. In principle, such caque (Bremmer et al., Soc. Neurosci. Abstract). Howconfounds could have led to an artifactual reduction in ever, it seems likely that some of the perisaccadic BOLD signal in the perisaccadic period that one wouldchanges in activation we found in the intraparietal sulcus erroneously-interpret as saccadic suppression of a viwere related to saccade planning and execution [18] or sual stimulus. However, there should be no saccadic spatial updating [19] rather than the visual stimulus; this suppression for the isoluminant stimuli, hence an upper would explain why they were independent of stimulus bound to the combined influence of the confounds could type. Note also that our stimuli only stimulated a limited be calculated. Specifically, the combined effect of all set of areas long before a sacccade; clearly we cannot confounds could at most be the size of the BOLD reducmake any claims about the nature of saccadic supprestion found for isoluminant stimuli. Hence, to quantify sion in areas that were never activated. the saccadic suppression that cannot be due to the experimental confounds, we subtracted the BOLD reduction measured for isoluminant stimuli from the reduction Mechanisms Recordings from the LGN-the thalamic gateway to the measured for luminant stimuli. Statistically, we quantified saccadic suppression in the ROIs by determining visual cortex-have shown that LGN neurons typically . Thirty consecutive slices oriented parallel to the AC-PC plane and covering the Stimuli and Procedures whole brain were acquired. Total scan duration was 30 min and We investigated eight healthy, right-handed subjects (four female, was repeated once in all but two subjects. The EPI images were mean age 30 years). The Ethics committee of the Heinrich-Heine coregistered with same-session anatomical T1-weighted 3D MP University approved the experiments, and they were in agreement RAGE scans (180 sagittal partitions, 1 ϫ 1 ϫ 1 mm 3 voxels). Imaging with international standards on the use of human subjects in redata were analyzed with the BrainVoyager 4.9 software package search (Declaration of Helsinki). Subjects lay supine in the scanner (BrainInnovation, Maastricht). We realigned functional images to and viewed visual stimuli, which were projected onto a screen correct for head movements between scans and transformed the attached to the front of the head coil through a mirror. Eye movestructural and functional 3D data into Talairach space by using a ments were monitored during scanning with 500 Hz temporal and piecewise affine and continuous transformation. Preprocessing of better than 0.2Њ spatial resolution by using a limbus eye-tracking the volume time courses involved Gaussian spatial smoothing system (CRS, Rochester). Stimuli were generated with the VSG2/5 (FWHM ϭ 10 mm), removal of linear trends, and temporal high-pass graphics board (CRS) and projected with an LCD data projector filtering with a 10 min cutoff to remove slow periodic drifts. Timing (Sony VPL-S500E) whose output onto the projection screen was pulses from the scanner and VSG graphics board were combined linearized by using the VSG calibration procedure and the OptiCal with the saccade onset times to create event-related protocols for photometer.
use with BrainVoyager. We used the General Linear Model (GLM) In a first preexperiment we determined saccadic reaction times to analyze the fMRI data. One predictor was defined for each of the in the scanner. These reaction times were used in the main experifour conditions (pre-lum, peri-lum, pre-iso, and peri-iso) plus one ment to present stimuli in the temporal vicinity of the onset of sacpredictor for periods of no stimulation (baseline/rest). The predictors cades. Here, as in the main experiment, subjects fixated a small red were given by a convolution of a sum of delta functions (representing dot 10Њ from the vertical meridian and were instructed to make the occurrence of a particular stimulus) with a model of the hemodyhorizontal saccades to the target dot that appeared on the other namic response function [29] . Analysis of single subject data side, also at 10Њ from the vertical meridian. The time of appearance showed that the signals evoked by our brief stimuli were usually of the target was randomized from 1 to 2 s after a color change in too weak to reach significance in all but one or two subjects per the fixation dot that warned the subjects a target was about to ROI. We therefore pooled the data across the eight subjects. To appear. Analog data from the eye tracker were analyzed in Matlab avoid generating spurious results by signal outliers in single sub-6.5 (The Mathworks, Inc.). Saccade-onset was defined as the first jects, all data were first z scaled. The GLM was then fit to the pooled of three consecutive 2 ms time slices in which the velocity exceeded signal and regression parameters (␤) were determined for each pre-10% of the maximum velocity. All saccade trajectories were visually dictor. The ␤ parameters represent the contribution of a given preinspected to exclude eye blink and other artifacts. 
